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Abstract 
In this study, we carry out a detailed analysis concerning Suspended Sediment Concentration (SSC) and particle size 
distribution in water samples collected mainly during storm events in the Reno river basin, in northern Apennines 
(Italy). At the outlet of mountain basins of the three major tributaries, Lavino, Savena and Sillaro, a hydrological 
monitoring has been started up.  A total of 766 samples with maximum SSC were selected for this study to determine 
the nutrient level on the solid fraction. The samples were taken during flood events occurred from the year 2000 to 
2009. By considering the physicochemical properties and nutrient constituents as the most important characteristics 
of the river conditions, total Nitrogen (Ntot), total Phosphorus (Ptot),  particle size and SSC were selected for testing. 
The monitored watersheds are different for lithology, land cover and anthropogenic contamination levels. These 
differences were recognizable in the particle size distribution and in the nutrient level of the SSC in the water 
samples. Suspended sediment of the Savena stream showed a higher component of coarser material, Sillaro and the 
Lavino samples have higher clay content, 46% and 43% respectively. Concentration of Ntot and Ptot in the stream 
suspended sediments increases from Sillaro to Lavino to Savena.  There is a statistically significant relationship 
between Ptot and Ntot (P<0.05) and both nutrients showed significant linear relationships versus silt particle sizes. 
Silt appears to be the preferential vector of nutrients, confirming that finer particles and their aggregates have been 
proved to be the preferential vehicle for nutrients. Despite their close geographical proximity, analyses of grain size 
and nutrient in the streams have revealed dissimilar properties, which have been related mainly to the anthropogenic 
contamination levels, different cover land, agricultural and lithology properties of catchments.  
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1. Introduction  
The monitoring of soil erosion and runoff is an important task that may allow a better understanding of 
dynamic present in a river basin.  Indeed, suspended sediment yield (SSY) is known to imply several 
detrimental consequences. First of all the worsening of the water quality of the rivers by the increase in 
turbidity, in fact SSY is also among the main vector for pollutants and nutrients.  SSY represents also one 
of the most reliable tools to assess basin soil loss by runoff [1]. The erosion depends on many 
environmental and hydro-climatic factors as precipitation, land cover, lithology, morphology, landscape 
characteristics and anthropogenic [2]. Runoff and sediments transport in the rivers and their spatial and 
temporal dynamics play an important role in terms of quality and quantity of natural water resources. 
Natural variations in water quality occur among different regions because of differences in geology; 
vegetation, and climate, yet standards typically do not account for these differences, although water 
quality in natural environments may also be influenced by anthropogenic factors [3]. The loss of nutrients 
by erosion loading environmental impacts, N and P enriched surface waters affecting ground water 
pollution. Nutrient transport appears to be triggered by storm events [4]. Nutrient concentrations generally 
vary in relation to streamflow; concentrations of nitrate and total phosphorus are greatest during high 
streamflow and are generally smaller during low streamflow [5]. This variability creates some difficulties 
for data analysis. The importance of fluvial suspended sediment as a vector for the transport of nutrients 
and many natural and anthropogenic pollutants is well established and the concentration of many 
substances bound to suspended solids can be at least an order of magnitude higher than their 
concentration in the dissolved phase [6]. Particle size is also a fundamental control on the dynamics of 
sediment entrainment, transport and deposition, and information on the particle size characteristics of 
sediment is an essential requirement for investigations of the flux and storage of sediment associated 
substances in the channel and riparian zone [7]. Aggregates or flocks are composite of clay and fine silt 
suspended sediment particles. Aggregates dominate the suspended sediment load and catchments 
lithology and soil type are thought to be important controls on the effective particle size characteristics of 
suspended sediment mobilized from the main sub-catchments [8]. Many studies around the world have 
also shown that land use has a strong impact on water quality [9; 10; 11; 12; 13]. The influence of tree 
species on stream water chemistry also may differ among hardwood species. [14] Lovett, G.M. et al. 
found a broad range of NO3- concentrations in 39 streams in the Catskill Mountains of New York. They 
concluded that species composition of the forests probably influenced NO3- concentration. Too few 
studies reported concentrations of suspended   particulate N to analyze the patterns, but particulate N may 
contribute a substantial portion of the total N found in stream waters [15].   
Because only few studies have investigated the quality of either particulate matter or sediments, and 
often as a minor contribution to the assessment of water quality, in the current study an attempt was made 
to gain some knowledge about the impact on water quality of sediment yield and its nutrients load in three 
tributaries of the Reno river, where different sedimentary formations, land cover and various 
anthropogenic impact prevailed. Nutrient data and suspended sediment collected were  part of a  
monitoring and research program  start up in the year 1997 [16; 17; 18],  to acquire the elements for a 
better knowledge of hydrology and  erosive processes in the Reno basin. This hydrological and 
geochemical monitoring programme was in strict cooperation with the Reno Watershed Authority of 
Emilia Romagna Region and the Regional Agency for Health Prevention and Environmental Protection of 
the Emilia-Romagna Region. 
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Without the intensive sampling, the total nutrient loss would be underestimated by almost 30%, the 
distinct lines at different range of flow rate during rainfall storms may result from different mechanisms 
of   nutrient transport at different origins of stream flow [19]. In addition, the intensive sampling during 
rainstorms allowed establishing the flow-nutrient concentration relationship during rainstorms that are the 
key to estimate nutrient losses during un-sampled rainstorms.  
In view of the above considerations, the main objectives of this work were to evaluate concentrations 
of selected nutrients (Nitrogen and Phosphorus species) in the suspended sediment sampler during flood 
event of streams that well represent the environment of the Northern Italian Apennines. The suspended 
sediment concentration (S.S.C.), particle size distribution, flow stream and nutrient respect the 
environmental characteristics of their basins and their relations were examined.  
Nutrients were selected for this study because of their long-standing role not only as constituents of 
concern for aquatic health in streams and  ground water but also  because Reno River mouth is in Adriatic 
sea that presents serious problems of eutrophication during summer. Nitrogen and phosphorus are known 
to be primary factors that can initiate the excessive growth of algae and macrophytes in freshwater 
systems. Thus, an understanding of regional patterns in natural water quality provides for a more valid 
baseline for setting objective, attainable water-quality goals and ultimately will provide a more rigorous 
tool for separating natural and anthropogenic factors affecting water quality in Italian streams. 
2. Materials and Methods 
2.1. Characteristics of the monitored basins 
The study area is located in Reno River watershed in North Apennines, near Bologna, in Italy 
(Figure.1).  Three main tributaries of the Reno River, Lavino (La), Savena (Sa) and Sillaro (Si) with an 
overall mountain basin of 389 km
2
were monitored. These basins are sparsely populated in higher altitude. 
Almost all farming and the inhabitant are close to the banks of rivers, the Lavino and Savena basins are the 
most anthropized. 
The bedrocks prevailing in the south of Reno sub-basins were more weakly-cemented marl, mudstone, 
sandstone, and conglomerate. 
 
 
Fig.1. Reno River stream and the monitoring stations of its three major tributaries (arrows), La (44°29’29,48N – 11°13’17,01E), Sa 
(44°24’49,58N - 11°20’51,65E) and Si (44°23’31,26N – 11°35’23,97E), and location in North Italy. 
In the North of the basins were the easily erodible clayey rocks as sub-Ligurian folded rock units 
(nappes) that have been exposed by erosion and removal of the Ligurian cover-rocks. Surface processes 
here are dominated by debris flows and mass wasting of Pleistocene glacial deposits. Here, relatively thin, 
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indurate Pliocene-aged sandstones act as caprock for the wide-spread marls, mudstones, siltstones and 
silty sandstones of the Ligurian and Epiligurian units that characterize this portion of the watershed. [21].   
The area of the Sillaro (Si) basin is 137.6 km2, with ranges from 65 to 993 m (a.s.l.). The lithology is 
mainly clay: “Argille scagliose or Epiligurian rocks” with 66% of basin area, “Pliocene” sandstones and 
clayey rocks stratified (12%) and marl and clay (10%) (fig.2). 
 
 
Fig. 2. Lithology characteristics of the basins : g= marl, limestone and clay; h= clay, marl, sandstone  and ophiolites; b= sand and 
sandstones; e= clay and  sandstones; c= marl,  clay; d= gypsum, limestone; 1= gravel and sand; 2= sand, sandy silt; 3= silt and 
clayey silt; 4= gravel and sand, silt and clayey silt (from Regional Geology map). 
Because of the clayey lithology, the drainage density is quite high, the basin is subjected to soil 
erosion, landslides, gullies and  Calanchi (badlands). The basin area of Lavino (La) is 82.6 km2, 
maximum altitude is 776 m. a.s.l.. The geo-lithological characteristics are similar to those of the Sillaro: 
the clayey lithology of Pliocene and “Argille scagliose” is dominant, with 43.5% and 25.5% respectively 
(fig.2). The Savena (Sa) basin area is of 168.9 km2, with a ranges of 140-1275 m a.s.l.. The Savena basin 
is characterised by cemented sedimentary rocks often layered, mostly marl, limestone, clay (53.7% of 
basin area) and sandy rocks (24.7%), clayey rocks and sandstones (15%).   
 
Table 1. Land cover of the basins area (CORINE land cover class): Al= arable land ; Pc= permanent crops; P= meadows ; Haa= 
heterogeneous agricultural areas ; F= forests;  S= Shrubs and/or herbaceous vegetation associations; Br= bare rocks .   
  Lavino     Savena   Sillaro   
  km² % km² %  km² %  
P 1.8 2.2 3.8 3.4 3.4 2.8 
Al 28.5 35.5 35.6 31.1 42.1 35.0 
Pc 3.6 4.5 0.7 0.6 0.9 0.7 
Haa 10.2 12.8 18,8 16.4 9.4 7.8 
Br 7.4 9,3 4,4 3.8 32.9 27.4 
F 25.0 31.2 50.7 44.2 16.4 13.6 
S 2.9 3.7 0.4 0.4 15.0 12.5 
 
The Table 1 showed the land cover of the basins, it is characterized by farming (Al+Pc+Haa) about 54 
% of the Lavino basin, 43% and 47% respectively Sillaro and Savena basins. Forests prevail in the most 
hillsides of the Savena basin (44%) and only 13.6% of the Sillaro basin; at higher altitudes of the Lavino 
basin chestnut prevail.  About 40% of the land cover of the Sillaro is rocks outcrops, Calanchi, bushes, 
shrubs and/or herbaceous vegetation associations (Br+S).   The monitoring station of the Si was located in 
a large park river with riparian forest. While both La and Sa stations were downstream of small towns. 
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The climate is temperate with an average annual rainfall of between 950-1015 mm.year-1, most of the 
precipitation occurs in autumn and spring..Average temperature is about 11°C, with an average maximum 
of 29 °C (July) and an average minimum of –8 °C (January) (Monteombraro gauge). 
The mean annual discharges monitored were: 1.46 m3.s-1 (1998-2004 yr’s) of the Lavino river, 7.08 m3.s-1 
(2000-2004) and 2.9 m3.s-1 (1997-2004) of the Savena and Sillaro rivers respectively [17]. The narrow 
and long shape of their basins leads to a very short concentration-time and to the flash flood events. 
2.2. Data collection, instrumental equipment and analytical methods  
A total of 766 water-SSY samples were collected at the basins outlet stations of the Sillaro, Lavino and 
Savena rivers (Figure 1). The samples with maximum of Suspended Sediment Concentration (SSC) were 
selected for this study to determine the nutrient level on the solid fraction. The samples were taken during 
the streamflow events occurred from the year 2000 to 2009.  The three monitoring stations were equipped 
with ultrasonic flowmeters (SIGMA 950), interfaced with automatic samplers in order to measure the 
water level and the flows and to take the water samples. Water mean height was measured at 10-min 
intervals and it was transferred into streamflow adopting theoretical rating equations. The automatic 
sampler (SIGMA 900) collected 1 litre of water every time a fixed amount of streamflow crossed the 
section.  Thus samples are concentrated during streamflow events [16].   
Since the physicochemical properties and nutrient constituents are the most important characteristics of 
the river conditions, Total Nitrogen (Ntot), total Phosphorus (Ptot), clay, sand and silt grain size, and SSC 
were selected for testing the river samples. 
The samples were analyzed by a laboratory turbidimeter and Imhoff cone analysis [22] and suspended 
sediment concentration [23].  SSC was measured by weighting after being filtered and dried, gravimetric 
and particle size analyses as total Nitrogen, nitrate and phosphorus were made on the suspended sediment 
by the A.R.P.A. Ravenna Laboratories (Regional Agency for Health Prevention And Environmental 
Protection) of the Emilia-Romagna Region [24]. Particle size distribution of samples was determined by 
sedimentation velocity studies using Stokes’ Law. Total Nitrogen (Ntot) was determined by the flash 
combustion technique according to Dumas method on solid particles referring to the total Nitrogen 
adsorbed to the solid fraction only. This method does not differentiate between the several states Nitrogen 
might assume, namely organic, nitric, nitrous or ammoniacal, but provides a measure of the total amount 
of Nitrogen in the analyzed solid sample [24].  
The STATGRAPHICS® Centurion XVI software was used for data processing.  It was applied 
Quantile plot and Box-and-Whisker Plot to evaluate the different distribution of rivers samples:  the line 
in the middle of each box is the sample median, the whiskers extending above and below show the extent 
of the rest of the samples, the plus signs at the top and bottom of a box are indications of outliers. 
Multiple Comparison procedure and Multiple Range Tests (MRT) showed statistically significant 
differences, between the rivers to determine which means are significantly different from which others.  
The method currently being used to discriminate among the means is Fisher's least significant difference 
(LSD) procedure.  The variables were analyzed by linear regression models and by multiple linear 
regression models. 
3. Results and Discussion 
3.1. Particle size characteristics 
The table 1 report average, maximum values and standard deviation of streamflow during sampling, 
SSC and its particle size distribution of 325 samples for Si, 296 samples of La and 145 for Sa; the 
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statistical analysis of Ntot  in the sediments of La (215 samples), Si (286 samples), and Sa (122 samples), 
and of Phosphorus, 103, 198 and 82 samples respectively. The samples number was different because it 
was not always possible to do all the analysis.  
Si and La particle size distribution were similar (Table 2), as 45% of the suspended sediment was 
represented by clay, sand was about 5.7% and 10.13% for Si and La respectively. The percentage of silt 
in the three rivers was similar, in the range 47% (Si and La) and 52% (Sa). Only 22% of Sa sediment was 
clay and about 26% sand, with the highest st.dev. value (22.77%).   
Table 2.   Statistics of the suspended sediment samples of the rivers. 
 
  flow  
m3.s-1 
Ntot.  
‰ 
     Ptot 
mg.kg-1 
Sand   
% 
    Silt   
     % 
Clay  
 % 
S.S.C. 
      g.l-1 
Sillaro mean 27.78 0.81 406.13 5.70 47.59 46.22 9.35 
 max 100.28 1.60 517.00 44.30 65.00 69.00 42.90 
 St. Dev. 26.07 0.23    43.81 6.12 9.09 8.90 6.83 
Lavino mean 9.03 0.84 471.29 10.13 47.27 42.86 8.95 
 max 66.19 5.66 902.00 65.40 65.00 72.00 51.50 
 St. Dev. 13.19 0.40 87.93 9.73 7.42 10.83 7.79 
Savena mean 13.04 1.19 504.83 26.38 52.42 21.85 14.10 
 max 78.00 3.98 1094.40 94.00 79.70 50.00 164.90 
 St. Dev. 13.56 0.60 153.63 20.32 13.88 8.87 22.77 
 
Particle grain size variations of the three rivers are illustrated by Box-and-Whisker Plots (Figure 3). It 
was evident that clay and sand of Si and La were quite similar, while different distributions showed the 
Savena grain sizes. Quantile plots confirms the trends seen in the Box-and-Whisker Plots, silt proportions 
showed that Si and La curves overlapping.  
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Fig.3.  Box and Whisker Plots and Quantile plot for clay, sand and silt grain size of  the suspended sediment of  Sillaro (Si), Lavino 
(La)  and Savena (Sa) rivers.  
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The Multiple Range Tests (MRT) showed statistically significant differences (P < 0.05) between the 
three rivers both the sand than the clay, with an intermediate response of La.   
The MRT on silt grain size confirmed that  both  Si and La rivers were different from Sa river, while they 
were similar  to each other (P < 0.05) . 
3.2. Nitrogen and Phosphorus  
 The average of all  Ntot samples was 0.90 %° with st.dev.= 0.43%°.  The percentiles were 0.81%° for 
the 50th,  1.0 %° for the 75th and 1.56 %° for the 95th percentile.  
The average value of all Ptot samples was 456.23 mg.kg-1 with st.dev=103.85 mg.kg-1.  The percentiles 
were 435.3 mg.kg-1 for the 50th,  489 mg.kg-1 for the 75th and  653.6 for the 95th percentile.  
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 Fig.4  Box and Whisker Plots for the Nitrogen (left) and the Phosphorus (right) of the Si, La, and Sa samples.  
Nitrogen and Phosphorus variations of the rivers samples were displayed in Box and Whisker Plots 
(Figure 4), both  Ntot and Ptot  had  similar behavior  in  Si and La rivers , while their trends were 
different in Sa.  
The Multiple Range Tests confirmed that Ntot  of Sa was significantly different from Si and La; 
instead Si and La were one homogeneous group (P < 0.05).  The MRT showed that Ptot level of Sa, Si 
and La rivers were significantly different from each other  (P < 0.05). 
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  Fig. 5 Relationships between Ntot%° (left), Ptot mg.kg-1 (right) and silt. 
Figure 5 showed the results of fitting the linear model to describe the relationships between Ntot and 
Ptot versus silt (P<0.05).  The output of simple regressions of  Ntot and Ptot versus particle sizes showed 
significant relationships of the nutrients only with silt, while there were not significant relationships with 
clay and sand  grain sizes (P < 0.05).   
Multiple linear regression models were developed using all the variables (clay, silt and sand, stream 
flow, SSC) to predict nutrient Ntot and Ptot. Variables with P < 0.10 were removed from the model.   
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The relation between Ptot and Ntot nutrients was significant (P<0.05). Both Nitrogen and Phosphorus 
were a significant linear relationship with the instantaneous streamflow (P<0.05), and  finally Ptot with 
the remaining independent variables  Ntot,  streamflow and  silt  were significant (P<0.01).  
4. Conclusions 
A hydrological and geochemical monitoring was carried out for Lavino, Savena and Sillaro rivers, 
tributaries of the Reno River mountain basin, in northern Apennines (Italy). 
In this study, we carry out a detailed analysis concerning the river suspended sediments:  SSC, particle 
size distribution, total Nitrogen (Ntot), total Phosphorus (Ptot). The water samples were collected mainly 
during flood events occurred from the year 2000 to 2009. The differences among the three basins in land 
cover, lithology and anthropization were among the principal factors influencing streamflow and SSC 
under heavy rainfall. In fact the samples rich in sand of Savena reflected the presence of sandstone in the 
basin. The clayey basins of Sillaro and Lavino presented similar clayey particle size in the suspended 
sediments, although the Lavino samples had a higher percentage of coarser fractions than the Sillaro. 
Multiple Range Tests on grain size of Si, La and, Sa rivers showed significant differences each others, 
both for sand and clay fractions.  While MRT applied on silt showed that Sa was significant different 
from Si and La.  
Over 95% of sampled streams contained critical Ntot concentration for eutrophication, that occur 0.35 
mg.l-1 Ntot [27] and more than 50% of  Ptot values are upper of 435.3 mg.kg-1.   
The La and Sa samples had higher average levels of nutrients. The mean values of  Nitrogen (%°) were 
of 0.84 (st.dev. 0.40) for La and 1.19 (st.dev. 0.60) for Sa. The mean values of Ptot in the La and Sa were 
471 mg.kg-1  (st.dev.87.93) and 505 mg.kg-1 (st.dev. 153,63) respectively.   
The high standard deviations and maximum values indicated that the data of these nutrients were 
spread out over a large range of values, probably due to spatio-temporal pollutions variations.  
Vice versa in the Si samples, the mean values were 0.81%° (st.dev. 0.23) and 406 mg.kg-1 (st.dev. 
43.81) of Ntot and Ptot respectively, showing lower values.  
These differences were confirmed from MRT statistical tests (P < 0.05): Phosphorus river levels were 
different while only Nitrogen of the Sa showed different higher level respect Si and La samples.   
We obtained interesting elements on the relationship between Ntot and Ptot: the linear regression 
model indicate that it was a statistically significant (P<0.05). Furthermore there was a statistically 
significant relationship between Ntot and Ptot versus silt particle sizes. The silt appears to be the 
preferential vector of nutrients, confirming that finer particles and their aggregates have been proved to be 
the preferential vehicle for particulate Nitrogen [28; 29; 30].  Though the amount of the silt of the three 
rivers had similar values, about 47% in La and Si samples and higher perceptual in Sa samples (52%), the 
nutrient levels were significant different. From these data the highest level of nutrients was in the Savena 
samples. The minor amount of nutrients in the suspended sediment of Si samples can be explained mainly 
by low human settlement in the basin, especially in the river valley, and by the presence of uncultivated 
lands. About 40% of the land cover was rock outcrops, Calanchi (badlands) and bush, shrubs and/or 
herbaceous vegetation associations. Moreover the monitoring station of Si was located in the large park 
river with vegetated banks. It is known the important role of riparian buffer streams against pollution of 
the river caused by runoff and diffuse pollution [31].   
As know the agro-forestry upland reduced overland flow and soil erosion, resulting in lower amount of 
nutrient, particularly P, coming from cropland.  Despite the forests extension of Sa and La basins, a 
higher pollution in the suspended sediments resulted mainly due to the concentration of agriculture and 
inhabitants in the valley near the stream.  In fact the P in the soil and surface runoff determined the export 
of  P from the soil to the river stream [32].  Both Nitrogen and Phosphorus were a significant linear 
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relationship with the instantaneous streamflow, because concentrations of nitrate and total phosphorus are 
greatest during high streamflow and are generally smaller during low streamflow [5]. 
On the basis of nutrients level in the rivers and further monitoring survey, could be to establish a valid 
baseline in natural water quality, providing a more rigorous tool for separating natural and anthropogenic 
factors affecting water quality in Italian streams.   
In order to reduce river water pollution, caused by runoff,  is therefore important soil erosion reduce, 
and there are several ways: by changing the methods of cultivation, using erosion control practices and 
biotechnical slopes protection and it can be used the riparian wood as barrier to soil runoff. The 
integration of areas of high soil P with the areas where surface runoff occur P in the management 
practices, must be considered [33].  In conclusion the characterization of spatio-temporal variations of 
rivers water quality is important for local decision makers to establish effective management policies 
[34], and nutrients management goals should be focused on the near-stream areas rather than the whole 
watershed. 
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